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NASA TT F-10,784 

PROPAGATION OF A TURBULENT JET IMPACTING ON A FLAT SURFACE 

0. V. Yakolevskiy, S. Yu. Krashennikov 
(Moscow) 

Consideration of t he  flow phenomena caused by t h e  
c o l l i s i o n  of a turbulent j e t  with a f l a t  sur face  a t  a 
c e r t a i n  angle of incidence. Such problems o r i g i n a t e  i n  
s t a t i c  tests, i n  the  study of the  "ground e f f ec t "  mani- 
f e s t ed  i n  t h e  appearance of ve loc i ty  and temperature 
d i scon t inu i t i e s  a t  engine intake f o r  a i r c r a f t  with v e r t i c a l  
o r  s h o r t  takeoff,  o r  i n  v e n t i l a t i o n  equipment, etc. T e s t  
r e s u l t s  are used as t h e  b a s i s  for de r iva t ion  of formulas 
f o r  approximate ca l cu la t ion  of the flow phenomena. 

This a r t i c l e  gives the  r e s u l t s  of studying flows caused by the  impact of a /192* 
turbulen t  j e t  on a f l a t  screen a t  a ce r t a in  angle. Problems of t h i s  s o r t  occur, 
f o r  example, i n  stand tests when studying t h e  "Earth proximity" e f f e c t  (Ref. 1) 
which manifests i t s e l f  i n  t h e  appearance of ve loc i ty  and temperature i r r e g u l a r i -  
ties a t  t h e  input  of motors i n  devices with v e r t i c a l  o r  shortened takeoff and 
landing c h a r a c t e r i s t i c s ,  i n  v e n t i l a t i o n  engineering, etc. (Ref. 2 ,  3 ) .  

1. Experiments w e r e  conductedonan i n s t a l l a t i o n  which made it  poss ib l e  t o  
study t h e  propagation of an a i r  j e t  across a d i sk  400 mm i n  diameter. 
impacted on the  d i sk  a t  angles of 30, 45, 60 and go", while d i s tance  2 from 
nozzle edge t o  t h e  d i sk  along the  j e t  axis w a s  35 and 100 mm with a nozzle 
rad ius  of R = 5 mm. The inves t iga ted  flow i s  therefore  the  flow of a j e t  0 
c o l l i d i n g  wi th  a screen both i n  its i n i t i a l  s e c t o r  (2" = Z/Ro = 7) and i n  i t s  

main po r t ion  (2" = 20). The system of coordinate poin ts  permitted determina- 
t i o n  of t h e  f i e l d  of ve loc i ty  heads i n  a r b i t r a r y  d i r ec t ions  on the  d i sk  sur face  
and travel of these  f i e l d s  along t h e  vertical ( t h e  d i sk  w a s  placed ho r i zon ta l ly1  
Accuracy of displacement of t he  P i t o t - s t a t i c  head w a s  0.5 mm. Air flow rate 
w a s  recorded with an accuracy of 2-3% by a standard measuring diaphragm. 
ve loc i ty  a t  nozzle o u t l e t  i n  t h e  experiments w a s  103 m/sec and d id  not vary. 
The v e l o c i t y  head f i e l d s  w e r e  determined with an accuracy of 0.2 mm H20 from 

t h e  readings of an alcohol micromanometer. The d i sk  w a s  b l ed  r a d i a l l y  every 
5 mm. 
f i e l d s  were recorded on r a d i i  forming a n g l e s  9 = 0,  45, 90, 135 and 180° with 
t h e  p ro jec t ion  of t he  j e t  ax i s  onto the  disk. 
po in t  of i n t e r s e c t i o n  0 

The jet 

Air 

The bleed holes were used t o  measure s t a t i c  pressure. The ve loc i ty  head 

These r a d i i  w e r e  drawn from the  
of t h e  j e t  ax is  w i th  t h e  d isk  plane. 

9 
Figure 1 gives t h e  r e s u l t s  of measuring ve loc i ty  d i s t r i b u t i o n  along t h e  

vertical  a t  d i f f e r e n t  po in ts  on t h e  disk,  
relative ve loc i ty  as a function of t he  coordinates uo and z o  are similar. W e  
used maximum ve loc i ty  a t  given d i sk  point u 

t h e  c h a r a c t e r i s t i c  s c a l e s  of ve loc i ty  and length i n  the  expressions uo E u/um 

* Numbers i n  the  margin ind ica t e  pagination i n  the  o r i g i n a l  fore ign  text. 

It may be seen t h a t  t h e  p r o f i l e s  of 

and j e t  half-thickness z m 0.5 as 

1 



and zo E z/zo, 5, which corresponds t o  

t h e  poin t  a t  which u = 0.5 um. 

Figure 1 

Relative Velocity Dis t r ibu t ion  uo 
Over Jet Thickness. a - 0 - 90°, 
Z" = 7;  b - 0 = 45" ,  I" = 7 ,  JI = 
= 0 " .  

1 -- Schl ich t ing  p r o f i l e ;  2 -- 
The same taking t h e  boundary l aye r  
i n t o  account. 

the v e r t i c a l  d i s tance  from t h e  d i sk  t o  

Figure 1 demonstrates t h e  f a c t  
t h a t  t he  ve loc i ty  p r o f i l e  is  w e l l -  
described by Schl ich t ing ' s  formula 

uo -- (1 - &2 when 2 2 6 
uo = ( z / G ) * ' ~  when 

boundary l a y e r ;  b is j e t  thickness 
[n was  not e s t ab l i shed  i n  the  experi- 
ments, but from da ta  i n  (Ref. 4 )  f o r  
semi-limited jets n % 10) .  

2 - 6  
E = b y 6  < 6 ' 

Here 6 is  t h e  thickness of t h e  

Figure 2 represents  t h e  depen- 
dences of z on rad ius  r -- t he  

d is tance  from poin t  0 -- f o r  various 

impact angles 0 .  From t h e  Schlich- 
t i n g  ve loc i ty  p r o f i l e  (allowing f o r  
t he  boundary l aye r )  w e  may der ive  
t h e  dependence -16(-)-16 of j e t  
thickness on r 

0.5 

JI 

where b* ( J I )  and r* ( J I )  are c e r t a i n  
We u t i l i z e d  the  f a c t  t h a t  i n  the  i n i t i a l  values of j e t  thickness and radius. 

above-given ve loc i ty  p r o f i l e  t he  r e l a t ionsh ip  z = (0.44 - 0 .5 )  holds,  de- 

pending on boundary l a y e r  thickness.  
l aye r  thickness (d is tance  from disk  surface t o  po in t  of m a x i m u m  ve loc i ty )  w a s  
5 - 10% of j e t  thickness i n  t h e  experiments conducted. 

0.5 
Measurements ind ica ted  t h a t  boundary 

From t h e  measuremental r e s u l t s  w e  p lo t t ed  the  d i s t r i b u t i m o f  m a x i m u m  

is  approached does not d i f f e r  g rea t ly  from a c i r c u l a r  shape. 
v e l o c i t i e s  i n  t h e  d i sk  plane (Figure 3). 
po in t  0 

presents  f ind ings  charac te r iz ing  the  attenuation of maximum ve loc i ty  uo 

A s  w e  can see, the  i so t ach  shape as 
Figure 4 

as one m 
JI 

. recedes  from t h e  impact region. 

2. The experimental da t a  obtained under l ie  t h e  flow diagram, which made /193 
i t  poss ib l e  t o  give an approximate ca lcu la t ion  of t h e  flow. Figure 5 gives 
t h e  schematic p i c t u r e  of j e t  propagation which w a s  used as t h e  b a s i s  of t h e  
ca l cu la t ions .  L e t  us present the  features of t h e  flow model adopted i n  the 
computations, The bas i c  assumption, which i s  t o  a c e r t a i n  degree confirmed by 
t h e  d a t a  i n  Figure 3, i s  t h a t  a f t e r  the  jet  is def lec ted ,  t h e  flow has a 
form wh'ich would occur on e f f lux  from a c i r c u l a r  c y l i n d r i c a l  source of va r i ab le  
he ight  b,. is displaced by an amount A ( see  Q 
Figure 5) relative t o  t h e  poin t  0 of i n t e r s e c t i o n  of t h e  j e t  and t h e  screen 

The center  of t h i s  source 0 

JI 
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Figure 2 

Change i n  Jet  Half-thickness 
z as One Recedes from the  

Deflection Zone: 
a - 8 = 90'; b - 8 = 60°, 2' = 
20; c - 8 = 45" ,  2" = 7 .  
V e r t i c l e  l i n e  with hatching 
corresponds t o  r = r*. 

0.5 

Figure 3 

Lines of Equal Maximum 
Velocity Values (Isotachs 
o r  I sove ls )  when 8 = 45' 
and 2" = 20'. 

plane. 
constant and equals u Eff lux  

takes  p lace  i n  the  d i r e c t i o n  of the 
r a d i i  drawn from 0 ( t h i s  i s  con- 

firmed by measurements). 

Velocity a t  source o u t l e t  i s  

m*' 

dJ 

Measurements of t h e  s ta t ic  pressure showed t h a t  i n  t h e  v i c i n i t y  of t he  de- 
f l ec t ion  zone (outside the  source) t h i s  pressure d i f f e r s  from atmospheric 
pressure  by no more than 2 - 3% of t h e  maximum v e l o c i t y  head a t  t he  corres- 
ponding d i s k  po in t ,  

phe r i c  pressure.  
i s o b a r i c  i n  i ts  propagation over t he  screen. 

When one recedes f a r t h e r  from 0 i t  tends toward atmos- dJ' 
This circumstance f o s t e r s  t he  assumption t h a t  t he  j e t  i s  

I n  conformity with t h e  experimental f ind ings ,  i t  may be hypothesized t h a t  
t h e  upper base of t h e  c y l i n d r i c a l  source is a plane forming a c e r t a i n  angle 
with t h e  plane of t h e  screen, I n  t h i s  case,  t h e  he ight  of t he  annular source 
genera t r ixes ,  depending on the  d i r ec t ion  of propagation, w i l l  be expressed by 
t h e  r e l a t ionsh ip  

(2 1)  6, A + ,!I coscp 

Angle I$ d i f f e r s  from dJ by an amount E dependent on dJ (see Figure 5 ) .  

To determine t h e  flow a t  the  source o u t l e t ,  t he  th ree  geometric parameters 
A, B, and A must be found, which depend on the  angle 8 between the  impact direc- 
t i o n  of t h e  j e t  and the  screen plane and on longi tudina l  ve loc i ty  p r o f i l e  shape 
i n  t h e  f r e e  j e t  before the  de f l ec t ion  zone . 
parameter u which depends on magnitude and d i s t r i b u t i o n  of t h e  ve loc i ty  w a t  

W e  must a l s o  f ind  a kinematic 

m* 

3 
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Figure 4 

Damping of Maximum Velocity uo 

Deflection Zone. 

as One Recedes from the  m 
a - 0 = 90'; b - 0 = 60° ,  1" = 20, 

z" = 7; c - 0 = 45O, 1" = 7;  d - 0 = 30°, Z" = 20. 

t h e  i n l e t  t o  t he  annular source. 
t he  de f l ec t ion  zone, which may be approximately i d e n t i f i e d  with t h e  annular 
source, are determined by t h e  known l a w s  f o r  a turbulen t  j e t  (Ref. 5). The 
j u s t i f i c a t i o n  f o r  t h i s  is  that t h e  presence of t h e  screen  e x e r t s  no e s s e n t i a l  
e f f e c t  on t h e  flow i n  the  j e t  r i g h t  up t o  t he  de f l ec t ion  zone (Ref. 1). 

The j e t  parameters immediately i n  f r o n t  of 

3. 
o u t l e t ,  l e t  us assume t h a t  t o t a l  f l u x  and k i n e t i c  flow energy, i .e. ,  

To determine the  magnitude of maximum ve loc i ty  a t  t h e  annular source 

.are maintained i n  the  de f l ec t ion  process. 

H e r e  E i s  t h e  angle between vector r a d i i  r and p drawn i n  the  screen 
plane from poin ts  0 and 0 

annular source base; b, is  t h e  he ight  of t h e  cy l inder  genera t r ix ;  z is  t h e  

coordinate axis normal t o  t h e  screen plane; so is  t h e  area of t h e  f r e e  j e t  
c ross  s e c t i o n  a t  t h e  i n l e t  t o  t h e  def lec t ion  zone. 
p r o f i l e s  do not  depend on 0, i .e . ,  

4 

respectively (Figure 5) ;  t, i s  the  boundary of t h e  

I194 
J, 0' 

Assuming t h a t  t he  ve loc i ty  

.I. - 
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1 1 5 p (1') dzo 5 b,u,,*3 cos E df = nR,2 5 foR (no) R0~urn.a dR" 
0 1. 0 

(3.3) 

Here R i s  the  r a d i a l  d i s tance  between f r e e  j e t  a x i s  and an a r b i t r a r y  po in t ;  
R, is the  boundary rad ius  of t he  f r e e  j e t  before  the de f l ec t ion  zone; wm* is 

t h e  m a x i m u m  ve loc i ty  (on t h e  axis) i n  the j e t  before  t h e  de f l ec t ion  zone; and 
u 

Solving system (3.3), w e  obtain 

is  maximum ve loc i ty  a t  annular source o u t l e t  (does not  depend on 4 ) .  m* 

1 '  1 1 1 

n n 0 ; 
a = (s fo3 (R") R" dR" 1 f ( z " )  dzO)''' ( \  f o  (no)  R" dR" \ fa (I") dz" (3.5) 

( i n  t h e  case of Schlichting p r o f i l e ,  a = 0.778). 

To f i n d  parameters A and B i n  expression (2.1) ,  w e  employ t h e  conditions 
f o r  t h e  maintenance of flow rate and of momentum pro jec ted  onto the  screen 
plane. Employing expressions (2.1), ( 3 . 2 ) ,  and (3.5) w e  may w r i t e  these  con- 
d i t i o n s  as 

% 
SO i (3.6) S u u 

Sn 
2p ( . ~ + I I c o s ~ ~ ) c o s ~ E ~ ~ ~ = =  y p ,  2p ( . l ~ - U c o s c p ) c n s e c o s g ~ c p =  7 ~ ) .  

H e r e ,  i n  addi t ion  t o  annular source r ad ius  p ,  t h e  following nota t ion  is  
introduced: A = cos 8. 

I n  view of t h e  geometric def lec t ion  diagram, we may w r i t e  t h e  expression 1195 

By using t h e r e l a t i o n s h j p s  derived and neglecting the  change i n  cos E with 
respec t  t o  the  change i n  cos $, w e  may derive t h e  flow rate and momentum equa- 
t i o n  i n  t h e  form 

(3.8) (3.8) 
50 

:I ( f , l  I doll)  f 11 (It  1 A 0 / z )  P, , I  ( 1 1  - 1  Ao/o) -1- I I ( 2 ,  -t A"11) = yp;T 

1 

e t Here the  following nota t ion  i s  used: 

The ca l cu la t ions  demonstrate t h a t  

(3.9) 

5 
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Figure 5 

Diagram of Jet Propagation. 

Figure 6 

I l l u s t r a t i n g  How Flow Rate 
Balance is Determined. 

This r e s u l t  means 
flection zone he ight  is  
dependent of t h e  angle 
s t r i k e s  the  screen. 

t h a t  average de- 
p r a c t i c a l l y  in- 
a t  which the j e t  

I n  order  t o  f ind  the  four th  unknown A', t h e  system of these  conservation 
equations must s t i l l  be closed by a s ingle  re la t ionship .  When t h e  de f l ec t ion  
of i d e a l  l i q u i d  jets is  ca lcu la ted  (Ref, 6 ) ,  t h e  assumption i s  made t h a t  flow 
i n  t h e  angle element before and behind t h e  de f l ec t ion  zone i s  maintained. A 
similar assumption, but i n  i n t e g r a l  fo-m, may be made i n  the  case under con- 
s ide ra t ion .  Figure 6 shows t h e  cross sec t ion  of t h e  j e t  before the  de f l ec t ion  
zone, and t h e  base of t h e  cy l inder  is the annular source. By drawing t h e  
s t r a i g h t  l i n e  a-a perpendicular t o  t h e  x-axis through 0 i n  t h e  plane of t h e  

cy l inder  base, w e  de l imi t  t he  l i q u i d  flow i n t o  two p a r t s :  A l l  t h e  l i q u i d  t o  
t h e  r i g h t  of a-a w i l l  move t o  the  r i g h t ,  while a l l  t he  l i q u i d  t o  t h e  l e f t  of 
t h i s  l i n e  w i l l  go t o  t h e  l e f t .  

c e r t a i n  d is tance  A'  from t h e  j e t  axis, a s t r a i g h t  l i n e  a'-a' perpendicular t o  
the  x-axis may a l so  be drawn: 
l e f t  a f t e r  t h e  turn ,  and the  l i q u i d  t o  the r i g h t  of a'-a', t o  t h e  r i g h t .  L e t  
us assume by analogy with t h e  i d e a l  l i qu id  theory t h a t  d i s tances  A and A '  are 
'p ropor t iona l  t o  the  r a d i i  of t h e  corresponding c i r c l e s  

J, 

I n  the  transverse j e t  c ross  s e c t i o n  s a t  a 0 

The l iqu id  t o  t h e  l e f t  of a'-a' w i l l  move t o  t h e  

(3.10) 

This re l a t ionsh ip  c loses  t h e  system. 

Based on the  adopted flow diagram,we may s ta te  t h e  flow rare balance. 
With allowance f o r  t he  second re la t ionship  i n  expressions (3 .9 )  and ( 3 . 1 0 ) ,  as 
w e l l  as disregarding t h e  change i n  cos E ,  t h e  condition f o r  flow rate equa l i ty  
through the unshaded p a r t  of t h e  c ross  s e c i t n  i n  Figure 6 gives 

(3.11) 

Angle w is  measured from the  negative x-axis d i r ec t ion ,  i .e . ,  w = T - 0. /196 

6. 



J o i n t  so lu t ion  of equations (3.8) and (3.11) makes i t  poss ib l e  t o  f ind  the  
q u a n t i t i e s  B and A' depending on A and the ve loc i ty  p r o f i l e  shape i n  t h e  j e t  
before t h e  de f l ec t ion  zone. 

The ca l cu la t ions  showed t h a t  the  re la t ionship  
I 

(3.12) 

i s  f u l f i l l e d  i n  a wide range of A values.  

For an i d e a l  l i q u i d  j e t  (rectangular ve loc i ty  p r o f i l e )  equation (3.12) 
changes i n t o  t h e  re la t ionship  A' = A derived by Schach (Ref. 6 ) .  

Ut i l i z ing  t h e  above-derived r e s u l t s ,  l e t  us wr i t e  ou t  t he  f i n a l  formulas 
f o r  ca l cu la t ing  t h e  annular source parameters: 

(3.13) 

A" k AIR*,  U" = k UIH,, k : p / R ,  

The approximation formula (3.12) for A o  may be employed i n  the  value range 
0 5 A 1.0.7, which corresponds t o  impact angles 90' 2 0 2 45'. 
vaiues-of A ,  A' may be obtained e i t h e r  by numerical i n t eg ra t ion  o r  by extrapola- 
t i o n  using the  condition A = 1, A' = 1. 

For l a r g e  

The quant i ty  k introduced above i s  an experimental constant.  It w a s  found 
from t h e  condition of b e s t  agreement between q u a n t i t i e s  b, and r* i n  r e l a t ion -  

sh ip  (1.1) when drawing l i n e s  corresponding t o  z i n  Figure 2 ,  and proved 

t o  equal 1.5. 
s ince  condition (2.1) holds. 

0.5 
The q u a n t i t i e s  b, and r* a re  connected by r e l a t ionsh ips  (3.13), 

4 .  To describe t h e  f u r t h e r  propagation of the  j e t  over t h e  plane, w e  may 
use t h e  experimental r e l a t ionsh ip  (1.1). 
l i q u i d  element i n  c y l i n d r i c a l  coordinates, while t he  z a x i s  is perpendicular 
t o  t h e  screen  plane and the  coordinate o r ig in  is  a t  po in t  0 W e  w i l l  w r i t e  

t he  l a w  of change i n  momentum f o r  t he  l i qu id  volume element with t h e  length dr ;  
t h i s  volume i s  delimited by two planes which make t h e  angle d$ and passing 
through t h e  z ax i s ,  b, 

L e t  us examine t h e  motion of t he  

$ *  

Here b is t h e  element he ight ;  L is  the  arc de l imi t ing  t h e  element; T is 
, f r i c t i o n  stress on t h e  lower f ace  of element F1; and Q,  Q' i s  t h e  d i r ec t ion  of 

tu rbulen t  f r i c t i o n  on t h e  s i d e  faces F2. (The ac t ion  of pressure  forces  is 

mutually balanced ou t , )  
t h e  element tend toward zero, as w e l l  as employing formula ( l . l ) ,  t he  geometric 

Le t t ing  the  longitudinal and t r ansve r se  dimensions of 

7 



r e l a t ionsh ips  

h l  - ( r  - r*)c $- b,, b2 =- ( r  -+ d r  - re )  c + b,,  dLr = rdq ,  dLa = ( r  + d r )  d$ 

and t h e  conditions of s imi l i t ude  of ve loc i ty  p r o f i l e s ,  w e  may der ive  the  
following d i f f e r e n t i a l  equation 

a f t e r  omitt ing t h e  terms of t h e  second order of smallness. 

Calculations have shown t h a t  t he  th i rd  term of equation ( 4 . 2 )  when the  

Reynolds number is  R = 7.10 
parameters), which occurred i n  t h e  experiments, is  no more than 4 . 5 %  of t h e  
va lue  of t h e  l e f t  s ide .  A t  l a rge  Reynolds number values,  which are t o  be 
expected i n  cases of p r a c t i c a l  i n t e r e s t ,  t h i s  term is s t i l l  smaller. The 
maximum value of t he  four th  term does not exceed 2.5% of t h e  sum of the  terms 
on t h e  l e f t  s ide .  
be in t eg ra t ed  by using the  following condition 

4 (computed from t h e  nozzle diameter and e f f l u x  

After these terms have been disregarded, equation ( 4 . 2 )  may 

Um = Urn* =UW,* r = re, 

Thus w e  ob ta in  

Parameters A', Bo, A', and a are found from formulas ( 3 . 1 3 ) ,  ( 3 . 1 2 ) ,  and /197 
( 3 . 5 ) .  
an a u x i l i a r y  r o l e  and serves t o  describe t h e  geometrical p i c t u r e  of t h e  

; f l e c t i o n .  

The angle determining t h e  propagation d i r e c t i o n  is $J; angle @ plays 
de- 

If ,  before  impact with t h e  screen, the maximum ve loc i ty  on t h e  j e t  axis 
i n  t h e  f r e e  j e t  i s  w 

t h e  experimental f ind ings ,  then from the  r e l a t ionsh ips  ( 4 . 3 )  i t  follows t h a t  
f o r  s u f f i c i e n t l y  l a r g e  values of r ,  t h e  value of m a x i m u m  ve loc i ty  u 

a r b i t r a r y  poin t  i n  the  screen does not depend on Z and i s  determined only by 
angle 8. 
present  work. 

Q, l / Z  and t h e  j e t  radius is  R Q, 2, which corresponds t o  m 

a t  an m 

This f a c t  is corroborated by the experiments conducted i n  the  

The case of forward c o l l i s i o n  of the j e t  aga ins t  t h e  plane (0 = 90') ex- 
p la ined  i n  (Ref. 1) is derived f o r  Bo = 0. I n  t h i s  case t h e  f i r s t  r e l a t ion -  
s h i p  ( 4 . 3 )  is  converted i n t o  the  corresponding r e l a t ionsh ip  obtained i n  (Ref.l). 

5 .  I n  order t o  employ the  formulas f o r  computing flow over the  screen, 
w e  must know t h e  j e t  parameters i n  f ront  of t h e  de f l ec t ion  zone. These 
parameters are determined from t h e  fami l ia r  formulas quoted, f o r  example, i n  
( R e f .  1): 

w,,,*/w,,,, = I ,  R , / R o  : 69'1' + 1 when 1'6 I 2  

wm*/Umo = A,/l', H,lRn = kd' when 1' >, 12 
ka = 0.22, I, * = ( I  1 4 ,  ks =: 12.4. 3 ' E.--- ------. C I .  . _-.---._.r-- ~ . I - - -  



. --. - . 
Determination of t he  ve loc i ty  p ro f i l e s  a t  en t ry  i n t o  the  de f l ec t ion  zone 

when 2 < 1 2  requi res  a knowledge of ordinate  R 

displacement zone, as determined from the formula (Ro - R1)/Ro = 0 . 1 3  2'. 
of the i n t e r n a l  boundary of t he  1 

The r e l a t ionsh ip  

may be u t i l i z e d  t o  compute the  quan t i t i e s  a, f3 and y i n  the i n i t i a l  s e c t o r  of 
the j e t .  

I n  the  computations ca r r i ed  out  i n  the present  paper,  Schl ich t ing ' s  formu- 
l a  

I",,(rl) ( 1  - q % ) Z  

w a s  used t o  descr ibe the ve loc i ty  p r o f i l e  i n  f r o n t  of t he  de f l ec t ion  zone. 

To descr ibe the  ve loc i ty  p r o f i l e  a t  the o u t l e t  of the annular source and 
during f u r t h e r  propagation of t he  j e t  over the screen,  w e  used Schl ich t ing ' s  
p r o f i l e  taking i n t o  considerat ion the  boundary l a y e r  (see Figure 1 )  

u" = (z /6) ' ln f o r  I < 6; #lo = [I - ( Z  - 6)"" ( b  - S)-a'z l a  for 6 < 2 < 6 

The pos i t i on  of the upper base of the annular source is not  known i n  ad- 
vance; therefore ,  the  parameters of the  j e t  before  the impact zone are com- 
puted by successive approximations. 
de f l ec t ion  zone and of t h e  annular source are computed i n  terms of d is tance  
from nozzle  t o  screen 2; then the correct ion i s  introduced f o r  t he  f i n i t e  
thickness  of t he  de f l ec t ion  zone. 
quate.  

F i r s t  t h e  geometric parameters of t he  

Two approximations a r e  usual ly  qu i r e  ade- 

Figure 4 gives  the  computational r e s u l t s  together  wi th  the  experimental 
f ind ings  on damping of m a x i m u m  ve loc i ty  uo u /wm*. 

t h e i r  s a t i s f a c t o r y  correspondence, 

A comparison d isc loses  m m  

In conclusion, t he  authors  would l i k e  t o  thank G. B. Krayushkina, who par- 
t i c i p a t e d  i n  conducting t h e  experiments and formulating the r e s u l t s  of t h e  
work. 
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